Background. The people living in Arctic and Subarctic environments have adapted to cold temperatures, short growing seasons, and low precipitation, but their traditional ways are now changing due to increased contact with Western society. The rapid alteration of circumpolar cultures has led to generational changes in diet from traditional foods to the processed groceries common in modern stores. Objectives. Develop a link between changing traditional diets and mental health that may have substantial consequences for circumpolar peoples. Methods. Review of English language literature pertaining to the northern circumpolar environments of the world that consist of the Arctic and Subarctic areas. Electronic resources such as ISI Web of Science and PubMed were utilized, using keywords such as arctic, circumpolar, diet, omega-3 fatty acids, mental health, seasonal affective disorder, and suicide. In addition, we used the cited references of obtained articles and the extensive University of Alaska Fairbanks library collections to identify additional publications that were not available from the electronic resources. The years covered were not restricted to any particular period, although 83% of the sources were published in the last 16 years. Conclusion. The change in traditional diets has already led to increased health problems, such as obesity, cardiovascular disease, and diabetes, while the mental health of circumpolar peoples has also declined substantially during the same time period. The decline in mental health is characterized by increased rates of depression, seasonal affective disorder, anxiety, and suicide, that now often occur at higher rates than in lower-latitude populations. Studies in non-circumpolar peoples have shown that diet can have profound effects on neuronal and brain development, function, and health. Therefore, we hypothesize that diet is an important risk factor for mental health in circumpolar peoples.
OBJECTIVES OF THIS REVIEW
In this literature review, we propose that diet is an important risk factor for mental health in circumpolar peoples. This hypothesis is developed through the review of current knowledge of arctic environments and circumpolar peoples, traditional circumpolar diets and changes in these diets, mental health in circumpolar regions of circumpolar and noncircumpolar peoples, and the connection between diet and mental health as revealed by studies of non-circumpolar peoples.
ARCTIC ENVIRONMENTS AND CIRCUMPOLAR PEOPLES
The northern circumpolar environments of the world consist of the Arctic and Subarctic areas. These ecosystems are dominated by tundra and taiga (1) and are characterized by cold average yearly temperatures, short growing seasons, below average precipitation and low net primary productivity (2) . The tundra is characterized by its dwarf plants and lack of trees caused by permafrost (3, 4) , with temperature averages of at most 10 degrees C and precipitations of less than 25 mm per year (5) . The taiga, or boreal coniferous forest, has a cool, or cold average temperature, with more precipitation than the tundra (5) . The circumpolar areas also experience large yearly fluctuations in daylight, with long days in the summer and short days in the winter. High Arctic areas can experience the midnight sun of summer and days with no sunlight in the winter (4). The lower temperatures require increased energy expenditure and other physiological adaptations by euthermic inhabitants to stay warm and survive (6) . These harsh living conditions and the low primary productivity of the circumpolar regions have limited human population growth (1, 4) and have led to low species diversity among all animal taxa (2, 4).
Circumpolar populations have developed similar cultural practices that have allowed them to utilize the scant and seasonal resources of the Arctic and Subarctic to survive (1) . The major modes of subsistence include land hunting, sea-mammal hunting, fishing, reindeer herding, and gathering (7). Traditionally, two or three of these were combined over the year to maximize chances of survival. Traps were also extensively used for both fish and game. Skin clothing, semi-subterranean REVIEW housing, and skin-covered tents were universally used in the north (4, 6, 8, 9) . Transportation was by canoe, skin boat, skis, snowshoes, sleds, and toboggans. Dogs and domesticated reindeer were used as pack animals. The circumpolar peoples traded very early in their history and had extensive trading networks by the time they were contacted by Western society. These trading networks ensured that vital materials, such as meteoritic iron and lithic resources, were shared among groups (1) .
The ephemeral and seasonal nature of circumpolar resources led to highly mobile societies that followed their seasonal food resources (4, 7). As a result, no permanent large settlements were established. The circumpolar people stayed mostly in kin-based bands that would join others at certain times of the year to exploit seasonal resources, such as migrating caribou, or spawning salmon (4). Traditionally, most circumpolar people believed in a form of animism, which holds that all parts of the natural world are inhabited by spirits and are sacred. Clan elders, or shamans, that could placate these spirits would insure that enough resources were secured to survive. Through this system, the resources were not overharvested and every part of the animal was used, helping to ensure that animals would be available for future generations (1, 10) .
TRADITIONAL DIETS
Traditional diets of the circumpolar people vary from region to region, but have several commonalties. These diets are generally rich in marine mammals, fish, ungulates, fur-bearing animals, birds and their eggs, plants, and berries (11) (12) (13) (14) (15) (16) (17) . These foods are nutrient dense, with high levels of protein, fat (especially omega-3 fatty acids), and antioxidants (e.g., selenium), while low in carbohydrates (11, (18) (19) (20) (21) (22) . Despite the high protein and fat content of the diet, obesity, diabetes, and cardiovascular disease were historically rare in circumpolar people (23) (24) (25) (26) (27) (28) (29) (30) ). An increasing number of studies suggest that this may in part be due to the high content of omega-3 fatty acids and antioxidants in the traditional diet. These nutrients correlate with a reduced prevalence of cardiovascular disease (31) (32) (33) (34) (35) (36) (37) (38) (39) (40) (41) (42) and normal glucose metabolism (43) . The physical, social and cultural activities associated with hunting, fishing, harvesting, and storing wild game and plants also contribute positive-REVIEW ly to the physical and mental health of circumpolar people (44) (45) (46) . With traditional lifestyles, however, the incidence of cerebrovascular disease and injury, or death due to accidents are increased (47, 48) .
CHANGES IN TRADITIONAL DIETS
Western societies brought new diseases and new diets to the circumpolar regions. Diseases such as measles, smallpox, tuberculosis, and influenza took a toll on the populations of many villages (49, 50) . With the loss of so many lives, traditional knowledge that used to be transferred from one generation to another was lost (51) . Other factors, such as loss of traditional language, regulated hunting, restricted access to land, protection of endangered species, and a decrease in wildlife density, have made the traditional lifestyle difficult to maintain (51) (52) (53) (54) . Contaminants, e.g., mercury and organochlorines, found in fish eaten in circumpolar regions may currently not pose an important health risk (45, (55) (56) (57) , but see references 58 and 59. Nevertheless, possible harmful contamination of traditional food sources is of great concern to circumpolar peoples and has led to a decrease in the use of these food resources (51, 60) . These factors have contributed to the replacement of most of the traditional diet with a Western-style diet, which is high in carbohydrates and saturated fats, and low in essential nutrients such as omega-3 fatty acids (11, 16, 46, (61) (62) (63) (64) (65) . These changes in diet, in combination with other changes in lifestyle (44, 52, 66, 67) , have led to significant increases in diseases in circumpolar people, including obesity (26, 28, 63, (66) (67) (68) (69) (70) (71) , diabetes (26, 28, 63, 72, 73) , cardiovascular diseases (28, 47, 74, 75) , and dental disease (70, 76) . These chronic diseases may also affect mental health (77, 78) .
MENTAL HEALTH IN CIRCUMPOLAR REGIONS
The extreme environment of the Arctic has been hypothesized to contribute to an increased rate of mental distress when compared to more temperate climates (79, 80) . The most common circumpolar mental illnesses are depression, seasonal affective disorder (SAD), subsyndromal seasonal affective disorder (SSAD) and increased anxiety. SAD REVIEW is characterized by symptoms of depression, such as sadness, increased anxiety and irritability, which occur only during one part of the year, and reoccur year after year (81) . SSAD is a condition in which an individual experiences mild difficulties with seasonal changes (82) . Other mental disturbances, such as seasonality (mood changes that correspond to the seasons of the year), sleep disturbances, and anxiety, have also been commonly reported (79) (80) (81) (82) (83) (84) (85) (86) . Increased depression and sleep disturbances have also been observed in Antarctic workers (87) (88) (89) .
Circumpolar Peoples
More isolated circumpolar populations do not have an increase in seasonal mood changes as compared to non-Arctic populations, have less SAD, and have unexpectedly low rates of depression in winter (80, (90) (91) (92) . A unique characteristic of these populations is that many have been virtually isolated during the past 1000 years and retain their traditional lifestyles and diets. These isolated circumpolar populations more closely resemble circumpolar peoples prior to contact with Western society. These populations may, therefore, represent the best opportunity to assess the mental health of circumpolar peoples prior to the adoption of a more Western lifestyle, because careful scientific studies of mental health of past circumpolar populations is lacking (80, 91) . Low rates of SAD in circumpolar peoples may also have a genetic component (93) .
Studies conducted on the mental health of current circumpolar populations have found notably different results in less isolated areas. Rates of depression, SAD, seasonality, anxiety, and other mental disorders have increased in non-isolated circumpolar populations and often occur at higher rates than in lower-latitude populations (47, 86, (94) (95) (96) (97) . In addition, suicide rates have increased for many non-isolated circumpolar populations (74, (98) (99) (100) (101) (102) . Suicides are discussed in more detail in the Diet and Mental Health section.
Non-Circumpolar Peoples Living in Arctic and Subarctic Regions
As populations have increased and more people are moving to the Arctic, more studies are investigating the effects of the environment on unacclimated populations. In Fairbanks, Alaska, non-circumpolar residents were found to have increased fatigue, sleep duration, and melatonin levels in the blood in winter (103, 104) . Increased melato-REVIEW nin levels may have been due to seasonal variations in caloric and macronutritional intake that also may influence L-tryptophan, a precursor to melatonin and serotonin (103) . Changes in the serotonin system have been shown to play a role in the development of depression (105, 106) . Increased melatonin in the blood has been suggested as a possible marker for winter SAD (104, 107, 108) and has been linked to disruptive sleep-wake patterns (109) . In Alaska, army soldiers from non-circumpolar communities had a high prevalence of SAD (110) . Increased seasonal depression and sleep disturbances were also found to be prevalent in non-circumpolar Alaskan and Siberian populations (111, 112) . The difference in the response of circumpolar and noncircumpolar populations to the Arctic environment was also evident in the Svalbard studies by Nilssen et al. (113, 114) , in which two populations, Norwegians originally from an Arctic climate and Russians who had migrated from lower latitudes, were compared. Although both populations were living in the same village, the Russians had rates of depression 2-3 times higher and more sleeping problems than the Norwegians.
Recent studies have investigated a link between latitude and mental distress, such as SAD. Several studies were compiled, reviewed and analyzed in a recent article by Mersch et al. (115) . They found that latitude was positively correlated with the prevalence of SAD, but North American populations had a stronger correlation than European populations. Latitude may have an influence on mental disorders, but other factors, such as drug abuse, hospital admission, social and cultural change, climate, and genetic predisposition, may also contribute to the development of mental disorders (97, 98, 100, (113) (114) (115) (116) (117) . However, a genetic basis alone cannot explain the rapid increase of mental distress (depression, SAS, SSAD, and suicide) in circumpolar peoples and gives rise to the question of etiology.
DIET AND MENTAL HEALTH
It is increasingly apparent that diet has major effects on mental health. Nutrients and dietary supplements, e.g., folate and vitamin B12, appear to be beneficial for mental health (118) (119) (120) , although this benefit has not been confirmed by all studies (121) . Several lines of evidence reveal an important role for omega-3 fatty acids in mental health . Omega-3 fatty acids are important for neuronal and REVIEW brain development, function, and health (125) (126) (127) (128) (129) (130) (131) (132) (133) (134) (135) (136) (137) (138) , but see Simmer (139) , and are only available from dietary intake such as fish. Lower levels of fish consumption and omega-3 fatty acids have been linked to increased rates of depression and possibly suicide . Decreased omega-3 fatty acid content in breast milk and an increased risk of postpartum depression in mothers have also been linked to lower levels of fish consumption (144) . In addition, depressed patients show a depletion of systemic omega-3 fatty acids compared to healthy controls (105, 106, (145) (146) (147) (148) . Increased levels of omega-3 fatty acids also have a beneficial effect on patients' bipolar symptoms (149, 150) .
Aggression has been linked to low concentrations of serotonin and dopamine metabolites, and is negatively correlated with omega-3 fatty acids (131, 151, 152) . Deficiencies in omega-3 fatty acids can change serotoninergic and dopaminergic neurotransmission in the frontal cortex and hippocampus (153) (154) (155) . Interestingly, these changes mirror those found in the prefrontal cortex of suicide victims (156, 157) and in the cortex of patients with dysfunctional attitudes and depression (158, 159) . In addition, aggressive and compulsive behaviors have been correlated with suicide (160, 161) , and changes in the serotonergic systems in the brain are linked to depression (162) and aggressive and compulsive behaviors (163, 164) . Suicide rates have increased several-fold for many non-isolated circumpolar populations over the past several decades (74, (98) (99) (100) (101) (102) . The rates of completed suicides for the Canadian Inuit from 1987-1991 were 3.9 times higher than that of the general Canadian population and continued to increase over the study period (1982) (1983) (1984) (1985) (1986) (1987) (1988) (1989) (1990) (1991) (1992) (1993) (1994) (1995) (1996) (98) . These results are comparable to suicide rates found in other circumpolar peoples (74, 99, 102, 117, (165) (166) (167) (168) (169) 
A LINK BETWEEN MENTAL HEALTH AND DIET OF CIRCUMPOLAR PEOPLES?
The decline of mental health in circumpolar peoples has been attributed to the large cultural and social changes they have undergone, as well as to increases in chronic diseases, such as obesity, cardiovascular disease, and diabetes. We agree that these factors play a role, but we would like to add another important factor, which has received little attention. We hypothesize that diet is an important risk factor for mental health in circumpolar peoples. As we reviewed here, the diet of REVIEW circumpolar people has changed considerably from a traditional diet high in omega-3 fatty acids and antioxidants, to a Western-style diet high in carbohydrates and saturated fat. Several lines of evidence reveal that omega-3 fatty acids and other nutrients that are rich in traditional diets are beneficial for mental health and that depletion of omega-3 fatty acids are associated with increased levels of depression and possibly suicide. The combined decline in mental health and the disappearance of traditional diets in circumpolar peoples makes a direct connection between diet and mental health in these people a very real possibility. We believe that this possible link should receive considerable attention and we suggest that epidemiological and clinical studies be done with a focus on diet and mental health, in order to make this connection directly in circumpolar peoples. With suicide rates in circumpolar peoples among the highest in the world and other chronic diseases increasing rapidly, all avenues should be explored to improve this health crisis. Prevention and treatment of chronic diseases in circumpolar peoples can only be truly effective when all the major causes are understood.
